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A LONG experience of X-ray work at both large general hospitals and at special hospitals for children has created an impression upon my mind that injuries to bone in childhood and early adolescence are very much more interesting radiographically, as well as clinically, than those which occur during adult life.
Apart altogether from the fact that during childhood we have to deal with a growing bone, which influences in no small degree the processes of repair after damage, a great point of interest is to be found in the growing ends of the long bones and their cartilaginous epiphyses. One finds injuries involving these epiphyses and growing ends which do not occur in adult life, and radiologically they present an interesting field for thought and investigation.
In the X-ray examination of children there are two most important, even if somewhat elementary, facts that must always be borne in mind. (1) Cartilaginous epiphyses are not shown by X-rays, owing to the extreme X-ray translucency of cartilage.
(2) It is only when centres of ossification are present that any shadow can be shown, and then it is only the actual ossified centre and not the whole epiphysis which is seen. This second point is important, and is, I believe, often overlooked. We see a shadow at the end of a bone, and are apt to overlook the fact that it is merely the central opaque portion of a much larger structure, consisting of cartilage. In studying radiographs of epiphyseal injuries it is necessary always to try to visualize the epiphysis as a whole, and not merely concentrate attention upon the centre of ossification. I must also point out the somewhat elementary fact that in the case of epiphyses there are different times at which they begin to ossify and become X-ray visible, and that in the study of these injuries it is essential to know something about the ossification of any individual epiphysis under examination. Even elementary facts are sometimes overlooked, not only by the general practitioner, but even by orthopeedic surgeons. Not so very long ago an orthopsdic surgeon referred a case to me, with the request that I would inform him if the epiphyseal internal condyle of the humerus was displaced. The child was under 2 years of age. I had to report that the radiographs showed nothing abnormal, and, as diplomatically as I could, to draw attention to the ossifying age of this epiphysis, namely, the fifth year of life. Before this age it would be invisible, even to X-rays.
I will now exhibit a few normal radiographs indicating the ossification at the wrist-ioint which will come under observation. It is obvious, then, that at this age no injuries to any of these unossified cartilaginous elements could be shown by X-rays. Slide 2. Hand at 2 years to 3 years of age.-Tbere is considerable variability in the times of commencing ossification, both as regards the carpal bones as well as the epiphyses, but by the end of the second year or so the centre of the os magnum and unciform should be well advanced, and, as a rule, the epiphysis of the radius (the radial epiphysis is very variable). It may be visible as early as the sixth month of life, though commencing ossification is often delaved until the second year. These radiological facts are of extreme importance and must be constantly borne in mind when we consider the injuries affecting (1) the distal radial epiphysis and (2) the distal ulnar epiphysis.
(1) The Radial Epiphysis.-Quain gives the ossifying age of this epiphysis as early in the second year of life. Poland says that towards the end of the second year the osseous nucleus of the lower epiphysis of the radius appears above the scaphoid facet. As I have already pointed out radiographically, this epiphysis frequently begins to ossify by the sixth month of life, and I would further point out that it is of no practical use to attempt to give any average time for the centres to appear, as it means little or nothing when applied to any individual case. What we require to know is that it may normally begin to ossify as early as the sixth month of life, and also quite normally as late as the end of the second year of life.
(2) The Ulnar Epiphysis ossifies much later: at any time from the fourth to the seventh year. This is not a surgical paper and does not deal with treatment; it is merely a short note on the demonstration of these epiphyseal injuries in view of the light which has been thrown upon them by X-rays, i.e. it is mainly diagnostic. My statistics are obtained from the cases of children up to the age of 12 years only, although I shall refer to the epiphyses up to the time of their union to the diaphyses.
A careful survey of the monumental work of Poland published in book form in 18981 is instructive when compared with the X-ray knowledge of the present day. Poland reproduces a few radiographs said to show a backward displacement of the lower radial epiphysis-all taken from front to back. They are unconvincing, and for reasons which I shall discuss later, a diagnosis of this condition from this view even now is usually unreliable, and in those days was quite unreliable. Apart from these X-rays his material emanates from two sources: (1) Reports from cases in which the patients had died from other injuries; (2) reports from cases in which a clinical diagnosis (without an X-ray examination) had been made.
It is of interest to note that, as regards the first class, the histories of those who died from other injuries, and in whom at the post-mortem a displaced radial epiphysis was also found, gave rise to a curious and quite erroneous idea-that a backward displacement of the lower radial epiphysis was usually the result of a bad accident, such as a fall from a height.
Poland's statistics, therefore, and the statistics of others quoted in his book, are now merely of historical interest in respect to his material, and they cannot be accepted in any way as being accurate in view of accumulated X-ray experience.
Poland then quotes the following figures relating to his own cases: Upper extremity: Out of 426 epiphyseal injuries, 112 were those of the lower radial epiphysis; and out of 267 cases in the lower extremity 125 were injuries of the lower epiphysis of the femur. These figures give a completely wrong impression as to the frequency of these injuries, and I have no doubt that separation of the lower epiphysis of the radius is far more common than that of the lower end of the femur, although Poland saw more of the knee injury than of the wrist injury.
In the last seven years at the X-ray department of the Liverpool Children's Hospital, from a total of 10,991 cases examined, a definite X-ray diagnosis of injury to the lower epiphyses of the radius and ulna was made in ninety-five cases, sixty-nine males and twenty-six females. Of these, the injury was a backward iPoland, John "Traumatic Separation of the Epiphyses," 1898.
displacement of the radial epiphysis in sixty-eight males and twenty-five females,, and a forward displacement in one male and in one female. Both epiphyses were displaced backwards in one male and in one female. In thirteen cases there was a fractured ulna or ulnar styloid, in addition to the displacement of the radial epiphysis. All these injuries occurred in children under 12 years of age. Comparing these figures with other injuries within about 2 in. from the wristjoint we find that this is the most common injury. Out of 229 cases of injury we have the following: (a) Ninety-five cases of displaced radial epiphysis, in a few of which there was also a fracture of the ulna or ulnar styloid.
(b) Seventy-five cases of greenstick fracture of the radius alone or of both bones.
(c) Thirty-two cases of ordinary fracture of both bones.
(d) Twenty-three cases of fracture of the radius only. (e) Four cases of fractured radius in addition to displaced ulnar epiphysis.
(f ) No case of fractured ulna only. These figures indicate very clearly the frequency of a displaced radial epiphysis, practically always in the backward direction, in young children.
A few remarks are here interpolated on the method of X-ray examination. In the large majority of the cases the usual palm-down view is of no value. Generally in the case of a badly displaced epiphysis an indication of the nature of the accident can be obtained by this view, but in the majority of slighter displacements the rule is that it furnishes no aid to the diagnosis; even if it does suggest an injury it never shows the extent of the displacement.
A side view-and it does not matter from which side, although practically always I use the ulnar side to film for convenience-is essential, and it alone will (1) justify the diagnosis, and (2) show the amount of displacement.
Stereoscopic radiographs in the palm-down position alone are quite unreliable and should never be depended upon. Additionally, if they do show the displaced epiphysis no reliance whatever can be placed on the supposed amount of displacement seen. I have proved this over and over again.
The correct way to examine these cases is by means of two views at right angles to one another: (1) Palm down, and (2) with the wrist placed laterally. Backward displacement of the radial epiphysis is the injury which is comparable in the child with the Colles's fracture of the adult, and is caused by exactly the same kind of trauma, namely a fall on the outstretched hand. It is usual, I find, for recently appointed house surgeons to send these cases for X-ray examination with a clinical diagnosis of Colles's fracture. Apparently students are not taught in the various schools that a true Colles's fracture before the age at which the epiphysis joins to the shaft is extremely rare; so rare that at one time I thought it never occurred. During the whole seven years we have had only one case of a true Colles's fracture under 12 years of age at the Children's Infirmary; and I have met with very few cases indeed of a true Colles's under 20 years of age in the course of thirty-three years of X-ray work. It is, however, more likely to occur the nearer we get to twenty years. In very young children it must be very rare.
In the consideration of traumatic separation of an epiphysis we must bear in mind two things:--
(1) That a genuine epiphyseal fracture, that is, one in which the fracture is exclusively in the line between the cartilage and the diaphysis, without any injury to the latter at all, is rare, if indeed it ever occurs.
(2) That whilst the main injury may be between the cartilage and diaphysis, in practically all cases there is some kind of diaphyseal injury as well.
Radiologically, in a so-called genuine case-that is, one without a diaphyseal injury-unless the epiphysis was definitely displaced and remained displaced, X-rays. would show nothing. If the epiphysis was displaced then the relationship, at any rate in the side view, of the ossified portion to the end of the diaphysis would be abnormal. The important point is that, supposing this injury happened, namely, that the radial epiphysis was displaced backwards, that it either fell back into its normal position or was reduced by a surgeon, then an X-ray examination would not show that any injury had taken place, if there was no injury to the end of the diaphysis. From an examination of my own material, my opinion is that a definitely displaced radial epiphysis without the addition of some damage to the diaphysis is very rare indeed, even if it ever occurs. Now when we come to the question of darmage to the diaphysis we shall find two kinds of injury. In a recent paper by Basken Werenskiold, of Oslo,' the author lays great stress upon the diagnostic importance of a thin larnella of bone which he describes as being detached from the under-surface of the diaphysis between the diaphysis and the cartilage. This should be shown radiographically in an antero-posterior radiograph in the X-ray gap between the diaphysis and the ossified part of the epiphysis. His paper is interesting, and there seems to be no doubt that if this "lamella" can be shown it is ipso facto evidence of epiphyseal injury. With manv of his deductions, however, I cannot agree, especially three: (1) " That the injury may be entirely limited to the area of the detached lamella, as the separation need not necessarily be total." I cannot imagine any injury causing a small portion of bone to be torn off the lower surface of the diaphysis between the diaphysis and the epiphysis without an injury all along the epiphyseal line. (2) If this piece of bone is, in fact, torn off the diaphysis then the case ceases at once to come under the designation of "genuine,"
i.e., strictly limited to an injury along the epiphyseal line only, although Werenskiold wishes to consider it "genuine." (3) If it has to be sought for in many of the cases with a magnifying glass, as the author states, then it can hardly be reliable. I, personally, should not be inclined to rely for diagnosis on something on a radiograph which could only be seen through a magnifying glass.
There is, however, a second, and to my mind a much more important, diaphyseal injury, and I believe it occurs in every case in which there is, or has been, a definite displacement of the epiphysis. This injury consists in a piece of the diaphysis, from the edge of the surface in the direction in which the displacement takes place, being torn off and accompanying the epiphysis. That is, if the radial epiphysis is displaced backwards, then one must look for this tear of the diaphysis along its posterior surface. If, on the other hand, the epiphyseal displacement is forwards then we must look at the anterior diaphyseal line. In antero-posterior radiographs it is frequently indicated by a slight loss of continuity of outline on the inner or outer sides of the diaphysis.
In the lateral radiographs it will be shown as if torn off the posterior edge of the diaphysis. Sometimes it is of quite large size, sometimes very small indeed. It has to be looked for carefully in some cases, as one may not have the lateral view at quite the right angle to show it, and it may be hidden behind the rest of the bone. But my experience is that if carefully sought for it can always be found. Occasionally it is indicated radiographically merely by a small accentuated line at a slight angle to the end of the diaphysis,-what might be described as a " bending " of a portion of the cortex of the end of the diaphysis. Now this small fracture of the diaphysis is of importance diagnostically. If you have it present it is positive evidence of epiphyseal injury in those cases in which the epiphysis itself is normally situated at the time it is X-rayed. I cannot conceive of a small fracture of this kind occurring unless in connexion with fracture and displacement along the epiphyseal line. It may be that, following the injury, the epiphysis springs back, so to speak, into correct position, but there is evidence IActa Badiologica, 1927, p. 419. of the fracture if it leaves this chip from the diaphysis behind it. It may be also that the epiphysis has been replaced by reduction, still the diaphyseal chip "gives the show away," and a correct radiological diagnosis can be made with certainty.
Arrest of growth may follow an epiphyseal injury, and if this occurred and the diagnosis was missed at the time of the injury it might be unpleasant. Also, a few weeks after an injury, the wrist being still painful and swollen, the radiographs will show a large deposit of new periosteal bone, extending some distance up the surface of the radium from the chip. This often happens, as when the diaphyseal chip is displaced any distance it means a certain amount of stripping off of periosteum upwards-a point not visible on the X-ray at the time of the injury. This stripping of the periosteum occurs of course only on that side of the diaphysis in°the direction of which the epiphysis is displaced, and it may extend up the diaphysis as much as an inch or even more.
I have already said that I believe that this slight, but diagnostic, injury to the diaphysis occurs in all the cases of lower radial epiphysis injury in which the latter may be said to be definitely displaced, and that when it is not shown on a radiograph this is due to its being obscured and hidden, owing to its position and to the angle at which the radiograph was taken. At the same time, though one must admit that in cases in which the injury along the epiphyseal line is a very slight one perhaps merely a partial opening up, so to speak, without definite displacement -then the diaphysis would not necessarily be injured in this manner, and in such cases we should look carefully for the internal lamella already alluded to. This injury to the diaphysis also occurs in displacements of the ulnar epiphysis and can be shown on radiographs. It is also found in connexion with other joints, and especially so at the lower end of the humerus.
28

